The stability of various marmoset (Callithrixjacchus) plasma constituents was investigated after storage at room temperature, 4 #{176}C, and -20 #{176}C. The method of sequential analysis ensured that the between-run bias of the methods of analysis used was drastically reduced, and the definitions of stability were linked to the imprecision of these methods. Optimal conditions for storage for as long as 48 h depended on the analyte being measured. Room temperature was optimal for cholinesterase and acetylcholinesterase; 4 #{176}C for protein, Although there is increasing use of the marmoset in toxicology studies (2-5), data on the stability of its plasma constituents are particularly scarce. Thus we took the opportunity while using marmosets (Ca.llithrixjacchus) to compare the stability of a number of its plasma constituents at three different storage temperatures.
Although there is increasing use of the marmoset in toxicology studies (2) (3) (4) (5) , data on the stability of its plasma constituents are particularly scarce. Thus we took the opportunity while using marmosets (Ca.llithrixjacchus) to compare the stability of a number of its plasma constituents at three different storage temperatures.
Materials and Methods

Definitions
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tions specified, its mean measured concentration changes from the prct-storage mean by less than one standard deviation of the method of analysis; this allows a 5% risk of error in the decision about stability. We further assessedthe degree of stability for those constituents that were unstable by this definition by calculating stability based on a change of more than two standard deviations of the method of analysis.
Collectionand Storage of Samples
Blood was sampled from marmosets by the following standardized procedtu-es. We took 2 mL of blood from the femoral vein into a 2-mL plastic syringe fitted with a Gillette 23-gauge, 2.5-cm disposable needle, and transferred it to a 2-mL heparinized plastic tube. After prompt centrifugation (1000 x g, 15 mm) the resulting plasma was pipetted into a 2-mL polystyrene tube to facilitate mixing. Four aliquots were taken into Cobas-Bio centrifugal analyzer rotor cups, three of which were labeledaccording to the storage conditions planned for them, capped with Paraflim, and stored. The fourth aliquot was analyzed without delay in the centrifugal analyzer. No more than four constitutents were analyzed on any one sample on any day so as to ensure a consistent treatment for both fresh and stored samples with regard to timing.
Between-run bias was minimized by ensuring that each fresh sample was run at the same time as the three stored aliquots from a previous sample.
(a) For 24-h stability investigations, the stored samples were analyzed 24 h later, along with a fresh sample collected that same day from another marmoset. The next day those stored samples from the previous day were analyzed in the same run as the fresh sample just obtained.
(b) For 48-h stability investigations, the procedure was similar except that the fresh sample from the third day was analyzed at the same time as the stored aliquots from the first day; 24 h later, the fresh and stored samples were also analyzed together.
In this way, between-run bias was greatly decreased and was restricted to the beginning and end of the study. Samples were stored in a refrigerator at 4(±3)#{176}C.
(c) Freezing: Samples were stored in a freezer maintained at -20 (±3) #{176}C. with concentration, was not fully consistent with some analyses, computer-simulation studies have shown (1) that this model is adequate and allows the use of one value for the standard deviation over a reasonable range of concentrations in plasma. The within-run standard deviations given were calculated from results for samples from each of at least 15 different marmosets over the ranges given in Table  2 .
Methods of Analysis
DecisionMaking
The test statistic was calculated from that given by Thiers et al. (1) and the decision was based on the truncated normal sequential test of Schneiderman and Armitage (6) . This allowed a decision on stability to be taken after each analysis was performed and showed a reasonable economy of effort. One and two standard deviations were taken as appropriate indicators of stability. Table 2 shows the results of the experiments performed to test the stability of the plasma constituents for 48 h or 24 h under the stated conditions. Stability, 5, indicates that the constituent was found to vary over the period stated by less than one standard deviation of the method of analysis, with the chance of error being 5%. Instability is indicated by U (unstable). The corresponding results for stability defined as a change in mean constituent level of less than 2 SD are given in parentheses.
Results
If a constituent
was stable for 48 h under a set of conditions, it was assumed to be stable also for 24 h.
Discussion
The method of testing the stability of plasma constituents and Huff (13) reported that these enzymes lost 30% of their activity in plasma after freezing! thawing.
Our findings that frozen samples are less stable after 48 h than after 24 h indicates that the act offreeze/ thawing is unlikely to be the sole cause of decreased stability, in agreement with work on human plasma (11). These last workers (11) emphasize the importance of thorough mixing of the sample after storage because deposits in the sample retain some of the activity. Our limits for stability were more rigorous than those applied by others because of the relatively low imprecision of our method of analysis.
We found that albumin is stable in marmoset plasma for 24 h under all conditions but is stable for 48 h only if refrigerated. Concentrations of total protein remain stable only at 4#{176}C; storage at room temperature or at -20 #{176}C
increases values by 24 h but they decrease again after 48 h. 
The effects of storage on these constituents in human serum or plasma are complex. Storage of plasma below 0 #{176}C was found to increase both albumin and globulin concentrations, albeit nonsigrnficantly (14). Recent work (15) has shown that long-term storage of plasma in plastic containers leaves concentrations of total protein unchanged, but significant alterations in fibrinogen and the alpha-and beta-globulins are accentuated at room temperature. Shields and Castenada (15) attributed this to fibrinogen breakdown, but previous workers (16) had noted changes in alpha-and betaglobulins in serum despite refrigeration. Bacterial contamination has been discounted as a cause of increases in protein concentrations in serum at room temperature
(17).
In our investigations we found a steady loss of weight of the contents of polystyrene containers with time, even after sealing the caps with Parafilm. After 48 h, however, even at room temperature, loss of weight is marginal and is unlikely to be the explanation for the changes in protein content.
Both aminotransferases
were stable in marmoset plasma when stored at 4#{176}C but were stable at room temperature only in terms of the 2 SD definition of stability. Reportedly the temperature of the freezer is crucial for alanine aminotransferase stability (18). For human serum low-temperature freezing (between -40 #{176}C and -50 #{176}C) was found to be far superior for storage to -15#{176}C to -30#{176}C (18). These latter temperatures were considered inferior to simple refrigeration for storage of this enzyme, a finding with which we concur for marmoset plasma. Schwartz 
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, storedvalue changes by less than 1 SD; U, storedvaluechangesby morethan1 SD; parenthesesindicate 2 SD criterion was used.
b Rangeof values over which method is valid isgiveninparentheses. those of workers investigating rat plasma (20) . Juul (9) demonstrated stability of both anunotransferases for seven days at 4#{176}C in citrated plasma, but other workers (21) found that serum aspartate aminotransferase had decreased by 10%after only 24 h of storage at 5 #{176}C or 20#{176}C. Sudhof and Wotzel (22) found both aminotransferases to be unstable, their activity in serum decreasing by 10 to 25%, depending on storage conditions. We found that lactate dehydrogenase in marmoset plasma was more stable at room temperature than after freezing-in agreement with work on human serum (23), in which this enzyme was unstable at 4#{176}C, but less so than after freezing. This instability after freezing has also been seen with citrated human plasma (9), for which, in agreement with our results, 4#{176}C was considered the best method of storage.
Isocitrate dehydrogenase was stable for 24 h in marmoset plasma stored either frozen or at 4 #{176}C. After 48 h, storage at 4#{176}C again showed the best retention of isocitrate dehydrogenase activity, in agreement with previous work on human serum (24-26). Bernt and Bergmeyer (27) report a 30% decrease in activity in serum at 4#{176}C, despite the factthat isocitrate dehydrogenase is reportedly more stable in serum than in plasma (28) .
We found malate dehydrogenase to be stable (2 SD definition)
for 48 h at room temperature or refrigerated.
At -20 #{176}C the enzyme was stable for only 24 h (same criterion). Its instability has been shown previously for human serum (22) , where freezing was considered the best method of storage.
Sorbitol dehydrogenase in marmoset plasma was stable for 48 h at 4#{176}C or -20 #{176}C only by the less strict 2 SD definition. The enzyme has been reported to be extremely unstable in human serum at both 4#{176}C and 25#{176}C (29, 30) .
Recently,
however, high activities of this enzyme in rat serum have shown relatively good stability; with sorbitol dehydrogenase from sheep, stability at 0#{176}C can be improved by adding fructose to the storage medium (31).
Glutamate dehydrogenase was stable at 4#{176}C for 48 h and for 24 h when frozen, results in agreement with published work on human serum (32, 33).
Marmoset glutathione
reductase showed good stability, freezing at -20 #{176}C keeping the plasma activity stable for 48 h; under the other conditions, it was stable for at least 24 h. Alkaline phosphatase activity is known to increase after storage, in both human and control sera (37-40). Our results for marmoset plasma show a loss of activity with storage, refrigeration maintaining the greatest stability of this plas-. ma enzyme. In human serum and plasma, the plasma enzyme is the less stable (9) . After prolonged freezing, activity in human serum reportedly decreases (14), although others consider the enzyme to be stable in serum (29) .
General Considerations
Previously published stability data tend to be contradictory, e.g., as referred to above, the effect of freezing on plasma cholinesterase (8, 13), aspartate aminotransferase #{149} The temperature at which frozen samples are maintained may be crucial to the stability of the plasma constituents (18) . #{149} Differences in stability between constituents in serum and plasma have been noted. With plasma, the anticoagulant used has an effect (9,28,35).
#{149} Definitions of stability, if given, vary. We believe our criteria are more strict than those others have applied, because of the low imprecision of our methods of centrifugal analysis.
#{149} Bacterial contamination, evaporation of the sample, and heterogeneity in the sample composition have also been implicated (11, 17, 40).
It is therefore advisable to assign stability of plasma constituents to each species separately, and to quote a range of values over which the results are valid.
